Assuming a symmetric two-country economy with labor migration and efficiency wages, we investigate which of the two regimes, non-cooperation or inter-government cooperation, is advantageous. We show that not only the utility of the policy authority but also that of the workers is higher under inter-government cooperation than under non-cooperation, provided that migration flows are sufficiently sensitive to changes in real-consumption wage differentials.
I. Introduction
This paper is concerned with monetary policy games in a two-country economy that is characterized by international labor migration and efficiency wages, and it attempts to show that inter-government cooperation in the monetary field may prove to be advantageous not only to the policy authority but also to the workers.
International monetary cooperation has become one of the crucial issues for many governments since they have to take into consideration policy interdependence among countries, which has increased not only due to the growing amount of international trade of goods and international flow of financial capital but also due to the growing mobility of labor across borders.
Needless to say, the question regarding whether or not the policy authorities should cooperate in the monetary field is not new. Several authors, including Hamada (1976) and Rogoff (1985) as early contributors, have analyzed this problem. However, various studies on this issue have not paid sufficient attention to the mobility of labor. Agiomirgianakis (1998) analyzed this problem by utilizing a symmetric two-country macroeconomic model. 1 His analysis was different from the previous analyses on this issue, This paper demonstrates that not only the utility of the policy authority but also that of the workers is higher in the inter-government cooperative regime than in the non-cooperative regime, provided that migration flows are sufficiently sensitive to the changes in real-consumption wage differentials. In other words, in a symmetric two-country economy with labor migration and efficiency wages, inter-government cooperation may prove to be advantageous to the policy authority and to the workers.
The result that inter-government cooperation may prove to be advantageous to the policy authority can be explained as follows: Since, in the inter-government cooperative regime, policy authorities take into consideration the fact that the influence of a domestic monetary expansion for reducing unemployment via an induced fall in the effective labor force will be offset by an equal expansion abroad, they do not increase the money stocks in order to reduce unemployment, even if the sensitivity of migration flows is large and the domestic monetary expansion seems to be effective in reducing unemployment. This suggests that money stocks are independent of the sensitivity of migration flows, thereby making unemployment and the consumer price index independent of the sensitivity of migration flows in the inter-government cooperative regime. On the other hand, in the non-cooperative regime, policy authorities do not consider the fact that the influence of a country's monetary expansion will be offset by another country's monetary expansion, and thus they unilaterally increase the money stocks in an attempt to reduce unemployment through the reduction in the effective labor force. This suggests that, in contrast to the inter-government cooperative regime, the money stocks in the non-cooperative regime depend on the sensitivity of migration flows, and they increase with increases in the sensitivity of migration flows. Consequently, in comparison to the inter-government regime, larger money stocks are observed in the non-cooperative regime for the sufficiently large sensitivity of migration flows. The larger money stocks under the non-cooperative regime reduce unemployment, which leads to a higher utility for the policy authority. On the hand, they lead to an increase in the consumer price index, which makes the utility for the policy authority lower. In case of sufficiently large sensitivity of migration flows, the latter negative effects outweigh the former positive effects, suggesting lower utility for the policy authority in the non-cooperative regime than in the inter-government cooperative regime.
Therefore, inter-government cooperation is advantageous to the policy authority in case of the sufficiently large sensitivity of migration flows.
The result that inter-government cooperation may also prove to be advantageous to the workers can be explained as follows: Since the utility of workers decreases with increases in the consumer price index, larger money stocks result in a lower utility for the workers under non-cooperation. On the other hand, although the consumer price index is also dependent on nominal wages, they take the same values in both the regimes. This is because the firm's wage-setting under the non-shirk condition and the workers' utility maximization do differ across regimes. Therefore, in case of sufficiently large sensitivity of migration flows, the utility for the workers in the non-cooperative regime is lower than that in the inter-government cooperative regime, implying that inter-government cooperation is advantageous to the workers.
The result shown in this paper implies that inter-government cooperation in the monetary field appears to be preferable to non-cooperation in interdependent economies characterized by international migration and efficiency wages.
The result shown in this paper is in contrast to that shown by Agiomirgianakis (1998) , since, in his model, inter-government cooperation may prove to be advantageous only to the policy authority. However, this paper's result is consistent with his argument that international migration of labor changes the nature of monetary policy games played by monetary authorities in interdependent economies.
The paper is organized as follows: Section II presents a symmetric two-country macroeconomic model with labor migration and efficiency wages. A firm in each country is assumed to be unable to detect shirking by workers perfectly and set nominal wages in order to prevent shirking. Sections III and IV deal with the non-cooperative regime and the inter-government cooperative regime, respectively. Section V compares the utilities of the policy authority and the workers under the two regimes. Section VI includes the concluding comments.
II. The Model
A two-country economy is assumed-each country has a single non-competitive labor market and nominal wages are determined to prevent workers from shirking. Home and foreign countries are symmetric in their economic structures and are interdependent through international trade of goods and international migration of labor. In each country, there are workers, a firm, and a policy authority. Workers are not organized in labor unions.
Workers are assumed to migrate between home and foreign countries. Accordingly, effective labor force in the home country increases in comparison to its initial labor endowment, if workers in the foreign country migrate to the home country, and it decreases if workers in the home country migrate to the foreign country.
A firm in each country demands labor for producing a single kind of product. Since the firm cannot perfectly detect shirking by workers, it sets nominal wages in order to prevent shirking, treating workers' effort and the money stock as given. Workers, on the other hand, attempt to maximize their utilities by manipulating their effort, treating the firm's wage-setting and the money stock as given.
Each country's product is not only demanded in the same country but also in the other country and is exported there. The products of the home and foreign countries are imperfect substitutes.
It is assumed that each country has its own money market and that money is the only financial asset held by its residents.
The model is summarized by Equations (1)-(7). Structural equations in this paper are the same as those employed by Jensen (1993) , Zervoyianni (1997) , Agiomirgianakis (1998) , and Shimada (2004) . Variables are expressed in logs unless otherwise defined. Variables without the asterisk represent the home country and variables with the asterisk represent the foreign country. (1) , real-consumption wages and are given by Equation (6). Equation (7) presents the equilibrium conditions of the money markets in the home and foreign countries, where denotes the money stock. The policy authorities manipulate the money stocks. Residents of the home (foreign) country are assumed to have a preference for the goods produced in the home (foreign) country so that
Assumptions on international migration of labor lead to the following definitions of the home country's effective labor force and the foreign country's effective labor force
where , l which is a positive constant, denotes the domestic labor force in the absence of migration, i.e., the initial labor endowment.
Through appropriate substitutions, the model of Equations (1)- (7) can be solved for
This paper assumes that a firm in each country cannot perfectly observe whether the workers are shirking or not. Accordingly, as mentioned above, it sets nominal wages in a manner that prevents shirking (Shapiro and Stiglitz, 1984) . Given nominal wages, employed workers in each country choose their effort level to maximize their expected lifetime utility.
Since workers are not organized in labor unions, employed workers have no concern for the number of workers employed. They are only interested in their wages. If a representative employed worker in each country does not shirk, his instantaneous utility can be measured by real-consumption wages less effort. On the other hand, if he shirks, his instantaneous utility is measured by real-consumption wages. However, in such a case, he is detected and fired at the probability . The probability is assumed to be the same for the two countries. In addition, some of the employed workers in each country might separate from jobs, even if they are not fired on the grounds of shirking. The separation rate, which is defined as the ratio of separations due to reasons other than shirking to the number of employed workers, is given by . The separation rate is assumed to be the same for the two countries.
, ρ , β
The expected lifetime utility of a representative employed shirker in the home country is,
where is the discount rate, which is assumed to be the same for two countries and is the expected lifetime utility of a representative unemployed worker in the home country. Equation (10) can be rewritten as,
On the other hand, the expected lifetime utility of a representative employed non-shirker in the home country is,
where which is not expressed in the log, is effort of a representative employed non-shirker , e in the home country. Since employed non-shirkers exert a positive level of effort to some extent but cannot do so infinitely, the effort level of a representative employed non-shirker in the home and foreign countries is assumed to lie between its minimum , and its maximum i.e., e where is effort of a representative employed non-shirker in the foreign country. Equation (11) 
The employed workers in the home country may or may not shirk based on a comparison of and V
In order to prevent them from shirking, the firm in a home country has to set nominal wages that are sufficiently high to ensure However, because there is no reason for the firm in a home country to pay more than what is essential to eliminate shirking, it will set nominal wages such that The following is obtained by substituting Equations (10') and (11') into this condition:
where W is the unemployment benefit in the home country, which is a constant not expressed in the log, and α , is the accession rate, the ratio of new hires in the home country to the number of workers unemployed in the home country. The foreign country is assumed to have the same accession rate as the one in the home country.
, exp q
In order to simplify the analysis, this paper assumes that there are no separations or accessions in the home and foreign countries, i.e.,
This paper also assumes that , 1 * = = W W where * W is the unemployment benefit in the foreign country, which is not expressed in the log. Substituting these assumptions into Equation (12) 
where which is a constant not expressed in the log, reflects the relative weight assigned by the policy authorities to employment as against the consumer price index. Equations ( As mentioned above, since the workers are not unionized, the utility of the employed workers does not depend on the number of the employed workers. Accordingly, the employed workers' objective function can be presented by the utility of a representative employed worker.
The policy authority in the home country will set the money stock in order to maximize its utility, treating , and as given, i.e., it will solve, , 
The foreign country's policy authority maximizes its utility in a similar manner, giving rise to the condition, (18) According to Equation (18), the money stock in the non-cooperative regime depends on the sensitivity of migration flows to changes in real-consumption wage differentials. In the non-cooperative regime, the policy authorities do not take into consideration the fact that the influence of a domestic monetary expansion for reducing unemployment via the induced fall in is assumed throughout the analysis.
the effective labor force will be offset by an equal expansion abroad. Accordingly, the policy authorities unilaterally increase the money stock in order to induce migration flows and thereby to reduce unemployment. This implies that the money stock is dependent on the sensitivity of migration flows. Since policy authorities utilize migration flows to attain their policy objectives, macroeconomic interdependence through migration flows is operative in the non-cooperative regime, as pointed out by Agiomirgianakis (1998) .
From Equations (9.1), (8.1), (13.1), (16.1), and (18), unemployment is derived. Equation (17.1) and unemployment give us the consumer price index.
Equations (19) and (20) suggest that the utilities for the policy authority and the employed workers depend on the sensitivity of migration flows.
IV. Inter-government Cooperation
This section deals with the inter-government cooperative regime where the policy authorities in the home and foreign countries behave cooperatively and the money stock, unemployment, and the consumer price index under inter-government cooperation are determined.
Since the employed workers in the two countries behave independently and the employed workers do not cooperate with the policy authority in each country, they solve the same maximization problems as those under non-cooperation. Accordingly, the optimal effort level of the employed workers in the home country is given by Equation (16.1) , and the optimal effort level of the employed workers in the foreign country is given by Equation (16.2) .
Since the policy authorities in the two countries cooperate with each other, they will set their money stocks such that they maximize the sum of their utilities, treating and e as given,
i.e., they will solve, This gives us the following conditions:
Equations (21.1), (21.2), and suggest From this relation and Equations (21.1), (9.1), (8.1), (9.8), (13.1), and (16.1), the money stock is determined as follows:
According to Equation (22), in contrast to the non-cooperative regime, the money stock under inter-government cooperation does not depend on the sensitivity of migration flows to changes in real-consumption wage differentials. In the inter-government cooperative regime, the policy authorities are aware of the fact that the influence of a domestic monetary expansion for reducing unemployment via the induced fall in the effective labor force will be offset by an equal expansion abroad. Accordingly, the policy authorities do not use the monetary policies to order to induce migration flows and thereby to reduce unemployment. This suggests that the money stock is independent of the sensitivity of migration flows. Since policy authorities do not utilize migration flows to accomplish their policy objectives, macroeconomic interdependence through migration flows is not operative in the inter-government cooperative regime, as pointed out by Agiomirgianakis (1998) .
Unemployment is derived from Equations (9.1), (8.1), (13.1), (16.1), and (22). Equation
(21.1) and unemployment give us the consumer price index.
Equations (23) and (24) suggest that the utilities for the policy authority and the employed workers are independent of the sensitivity of migration flows.
V. Comparison of the Two Regimes
This section compares the utilities of the policy authority and the employed workers under non-cooperation and inter-government cooperation and shows which of the two regimes is advantageous to the policy authority and to the workers.
For this purpose, a special case where migration flows are sufficiently sensitive to changes in real-consumption wage differentials is considered, i.e., we take up the case where d is sufficiently large.
The money stock in the non-cooperative regime for the sufficiently large sensitivity of migration flows is approximated by taking the limit of . 
According to Equation (25), the monetary policy is more expansionary in the non-cooperative regime than in the inter-government cooperative regime, provided that the sensitivity of migration flows is sufficiently large. This is because, as mentioned above, in the non-cooperative regime, the policy authorities increase the money stock in an attempt to reduce unemployment. Moreover, the money stock becomes larger with increases in the sensitivity of
). In contrast, in the inter-government cooperative regime, as mentioned in the previous section, the money stock is independent of the sensitivity of migration flows. 12
In the non-cooperative regime, unemployment decreases while the consumer price index increases as the migration flows become more sensitive
).
This is because the larger sensitivity of migration flows renders the monetary expansion more effective in reducing unemployment, and a larger money stock results in an increase in the consumer price index (see Equation 9 Rogoff (1985) . Accordingly, international migration changes the ranking of the money stocks under the two regimes. under inter-government cooperation, i.e., leading to a lower utility for the policy authority in the non-cooperative regime.
, lim
Since the latter negative effects dominate the former positive effects, the utility for the policy authority in the inter-government cooperative regime is higher than that in the non-cooperative regime, i.e., provided that the sensitivity of the migration flows is sufficiently large.
,
In other words, inter-government cooperation may prove to be advantageous to the policy authority. This result is the same as the one derived by Agiomirgianakis (1998) .
Substituting Equations (9.8) and (9.9) into Equations (14.1) and (14.2), respectively, the expected lifetime utility of the employed workers can be expressed as,
Since nominal wages and effort do not differ across regimes, the above equation suggests that the expected lifetime utility of the employed workers decreases with increases in the money stock. Therefore, using Equation (25), we can derive the result that the expected lifetime utility 13 If we do not assume migration, the smaller money stock makes unemployment higher under non-cooperation than under inter-government cooperation, leading to a lower policy authority's utility in the non-cooperative regime, whereas it makes the consumer price index lower under non-cooperation than under inter-government cooperation, leading to a higher policy authority's utility in the non-cooperative regime. Since the former negative effects dominate the latter positive effects, the policy authority's utility is higher in the inter-government regime than in the non-cooperative regime, i.e., .
This suggests that international migration does not change the ranking of the policy authority's utilities under the two regimes.
of the employed workers in the inter-government cooperative regime is higher than that in the non-cooperative regime, i.e., provided that the sensitivity of the migration flows is sufficiently large.
In other words, inter-government cooperation may prove to be advantageous to the employed workers.
Inter-government cooperation may also prove to be advantageous to the unemployed workers. This is because the larger money stock under non-cooperation makes the consumer price index higher, leading to the lower expected lifetime utility of a representative unemployed worker under non-cooperation, i.e., V Therefore, inter-government cooperation may prove to be advantageous to all workers.
.
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This result is different from the one derived by Agiomirgianakis (1998) . In his model, wages are determined by the negotiations between the firm and the labor union, and the labor union's utility takes the same value in the two regimes. 15
Results derived from the comparison of the utilities of the policy authority and the workers in the two regimes can be summarized as follows: Inter-government cooperation may prove to be 14 Since, as mentioned already, under the assumption of no migration, the money stock is larger in the inter-government cooperative regime than in the non-cooperative regime, the expected lifetime utility of the employed workers is higher in the non-cooperation regime than in the inter-government cooperative regime, i.e., . advantageous not only to the policy authority but also to the workers, provided that the workers migrate between two countries, and in each country, nominal wages are determined by the efficiency wage hypothesis.
VI. Conclusions
Using a symmetric two-country macroeconomic model with international migration and efficiency wages, the utilities of the policy authority and the workers in the non-cooperative and inter-government cooperative regimes were compared, and inter-government cooperation was found to be advantageous not only to the policy authority but also to the workers if migration flows are sufficiently sensitive to changes in real-consumption wage differentials. 16
Although this result is different from that derived by Agiomirgianakis (1998) , it is in agreement with his argument that international migration of labor alters the nature of monetary policy games played by monetary authorities in interdependent economies.
This paper's result suggests that inter-government cooperation appears to be compatible with open economies that are characterized by migration and efficiency wages.
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